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ABSTRACT 
AGE, GROWTH, MORTALITY, AND THE EFFECTS OF TRAWLING ON 
MORTALITY OF THE LONGSPINE PORGY, STENOTOMUS CAPRINUS. 
by Cher Marie Newman 
December 2013 
Stenotomus caprinus (Longspine Porgy) is one of the most abundant bycatch 
species caught in trawl fisheries in the northern Gulf of Mexico (GOM). Biological data 
of length, weight, and abundance have been collected since 1972 on the Southeast Area 
Monitoring and Assessment Program (SEAMAP) surveys with a variety of GOM species, 
including Longspine Porgy, using trawl nets during groundfish surveys. In 2010-2011 
five Longspine Porgy were obtained from Groundfish and Pelagic surveys at each station 
for further analysis. Age distribution was determined through von Bertalanffy length and 
weight-age models. The samples were separated into two regions of the GOM to 
determine if there was a regional growth difference using likelihood methods. Regional 
von Bertalanffy length-age growth models displayed significantly different growth 
parameters with fish in the Central region growing larger at a slower rate (k) then those in 
the West region. Mortality of Longspine Porgy was calculated for each year between 
1987-2011 using the catch curve analysis and length-frequency histograms for a method 
comparison. This resulted in the length-frequency histogram method not being as 
accurate, therefore would not be a sufficient substitute for the catch curve analysis. 
Mortality was compared to shrimping effort and abiotic factors through a multiple 
regression and resulted in shrimping effort having a major influence on Longspine Porgy 
mortality. A better understanding of age, growth, and mortality of Longspine Porgy may 
11 
provide information to more effectively evaluate the effect of their high rate of bycatch 
on other species through trophic cascade or bottom-up effects. 
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CHAPTER I 
INTRODUCTION 
1 
The trawl fishing industry is economically important worldwide due to the food 
and income it produces. Over 3.5 million vessels fished the oceans worldwide in 2006 
(Ocean Science and Stewardship 2009) and an estimated 20,000 vessels were licensed in 
2004 in the Gulf of Mexico (GOM) (Diamond 2005). In 2006 alone this extensive fishing 
provided over $35 billion of income (Van Voorhees and Pritchard 2007), but it also has 
put pressure on our fisheries and habitats (Dayton et al. 2002). Tbe industrial trawling 
fishery directly affects all species caught via overfishing the intended species and bycatch 
mortality of the unintended ones (Martinez et al. 1996); both can have potential to cause a 
change in the food web and alter the ecological community (Dayton et al. 2002). 
There are many examples of population reductions and collapses credited to overfishing. 
According to FAO (2010), 15% of fish stocks are under or moderately exploited and 85% 
are fully or over exploited, which may lead to increased fishing pressure on the less 
exploited stocks. The bottom dwelling species Atlantic Cod, Gadus morhua, off of 
Newfoundland and Labrador has experienced a population crash in recent years attributed 
partially to the combined effect of climate change and overharvesting in which stock 
abundance was overestimated and mortality was vastly underestimated suggesting an 
unsustainable stock (Hutchings and Myers 1995). The reduction and eventual collapse of 
the Atlantic Cod population resulted in trophic cascade affecting at least two species, the 
Sprat, Sprattus sprattus, and species of zooplankton and plankton (Casini et al. 2008). 
The collection method of trawling is one of the least selective approaches for 
collecting intended species (Stobutzki et al. 2001) and it produces the highest amount of 
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bycatch when compared to other methods (Alverson et al. 1994). Overfishing and 
bycatch mortality of small demersal lower tropic-level species, such as Longspine Porgy 
Stenotomus caprinus, can cause a bottom-up affect which directly affects the top-level 
predators (Dayton et al. 2002). Longspine Porgy is a demersal teleost belonging to the 
family Sparidae (Hoese and Moore 1998), and historically was one of the most 
numerically abundant species caught in the industrial fishery of the northern GOM 
(Gutherz et al. 1975). However, little is known about their life history even though they 
are an abundant species found ranging from Campeche Bank, Mexico, to Apalachee Bay, 
Florida (Caldwell 1955; Roithmayr 1969; Chittenden and McEachran 1976). Longspine 
Porgies have been found in a wide range of depths between nine and 146 meters 
(Hildebrand 1954; Caldwell 1955; Chittenden and McEachran 1976; Henwood 1978). 
Considering the high rate of bycatch of the Longspine Porgy, it is imperative to 
understand their age and growth relationships in order to recognize a decline in the 
population. Although the previous studies concerning the Longspine Porgy have provided 
substantial data, this species is still not fully understood. 
The Longspine Porgy inhabit shallow depths post spawning and move into deeper 
depths as they increase in size (Henwood 1978; Geoghegan and Chittenden 1982). There 
is a discrepancy on exactly what months spawning takes place. For example, Henwood 
(1978) indicates spawning occurs from November to April with the peak in March off of 
Florida, Alabama, and Mississippi, whereas Geoghegan and Chittenden (1982) suggest 
they have a shorter spawning season occurring from January to April with the peak in 
March and early April and declined thereafter, off of Texas. Both of these were estimated 
through histology and size cohorts examination. According to Geoghegan and Chittenden 
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(1982) nearly all young-of-the-year are capable of spawning the first year of life and will 
reach a total length (TL) of 110-135 mm by age 1, but Henwood ( 1978) suggests that the 
majority of Longspine Porgy young-of-the-year are not mature and therefore wait until 
the next spawning season. The largest specimen recorded was collected off of Mississippi 
and was 256 mm (TL) (Franks et al. 1972). According to Geoghegan and Chittenden 
(1982) , Longspine Porgy have a mean life span of 2.5-3 years and a high annual mortality 
rate of about 83-99%. Both were calculated by assigning ages through a length-frequency 
histogram, but the percent mortality was estimated by determining the abundance for 
each age class then dividing it by the overall abundance. 
Unfortunately, Longspine Porgy age has been estimated only using scales but this 
approach is not generally accurate for this species (Henwood 1978; Geoghegan and 
Chittenden 1982). Age and mortality estimates are vital in stock assessment and 
management of this population (Bermejo 2007). Due to Longspine Porgy being one of 
the most abundant species in the GOM, (Scott-Denton and Nance 1996), understanding 
their life history is imperative to prevent overfishing which affects other species through 
the process of trophic cascade (Coleman and Williams 2002). Data collected on NOAA 
SEAMAP cruises from 1987 to 2011 was used to address these data gaps and involve 
three objectives: 
Objective 1. Determine otolith based age structure of the Longspine Porgy for 
2010 and 2011, and estimate the relationship between fish length-age fish weight-age 
using the von Bertalanffy models ; 
Objective 2. Based on these models, I will distinguish back calculated ages and 
establish an age distribution of fish between 1987-2009; and 
Objective 3. Estimate the mortality rate of the Longspine Porgy between 1987-
2011 and determine if mortality is affected by trawling and other abiotic factors via 
comparing mortality rates to the shrimping effort, temperature, dissolved oxygen, and 
salinity for the coinciding years. 
4 
CHAPTER II 
MATERIALS AND METHODS 
5 
Historical Samples. Samples were collected from the GOM from two different 
NOAA vessels, the Pisces and Oregon II. The Pisces obtained samples from the 2010 Fall 
Pelagic SEAMAP survey during October and November. The Oregon II obtained and 
saved samples from the 2010 Fall Groundfish SEAMAP survey during the months of 
October and November and the 2011 Summer Groundfish SEAMAP survey in June and 
July. The Small Pelagic Deep Water SEAMAP survey samples were only used for 
determining the age structure of the Longspine Porgy population via the von Bertalanff y 
model, but the Groundfish survey samples were selected for the remaining analysis due to 
the surveys occurring on the shrimp trawling grounds (Figure 1). 
10 
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I -~-
Figure J. Map of the NOAA Groundfish SEAMAP sampling area which includes both 
Central and West Gulf of Mexico (Pollack 2009). The samples from 1987-2011 were 
collected from the SEAMAP Groundfish Surveys in the statistical shrimp zones 10-21. 
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Data from past Groundfish surveys (years 1987-2011) were utilized in analyses to make 
historical age, growth, and mortality estimates about the population. The official 
Groundfish surveys have been conducted since 1972, but prior trawl surveys did not have 
the same methodology as the Groundfish survey (Nichols 2004). In 1982, Summer 
Groundfish SEAMAP surveys began, but fall Groundfish did not take on these methods 
until 1987 (Nichols 2004). Data collected from Groundfish SEAMAP surveys from 1987-
2011 were selected for this project due to the consistency in methodology. 
SEAMAP. SEAMAP surveys cover depth ranges from 9.14 to 91.44 m, but some 
stations extend slightly beyond these parameters (Nichols 2004). The stations were 
selected via a stratified random computer generated design based on shrimp statistical 
zones, depth zones, and sampling time (day or night) (Nichols and Pellegrin 1989). 
Sampling occurred perpendicular to the depth zone and continued until the next depth 
zone (Pollack 2009), and the amount of sampling and time needed for each station was 
dependent on the size of the depth zone (Nichols and Pellegrin 1989; Pollack 2009). Each 
tow time did not surpass 55 minutes, but if the depth zone was not covered within the 
tow, the net was brought on board, emptied, and put back into the water at the same 
location and all tows for that station were pooled (Pollack 2009). In fall 2008, the depth 
zones and sampling times were eliminated from the station selection requirements, and 
stations were selected randomly based on the shrimp statistical zones (Pollack and 
Ingram 2010). Sampling time was also limited to one 30 minute tow per station and was 
no longer required to complete the depth zone (Pollack and Ingram 2010). After the tow, 
the contents of the trawl net was emptied onto the deck, the entire catch was placed into 
baskets , weighed (kg), and emptied on to a conveyer belt. Subsamples were taken from 
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the overall sample, separated by species, and each species was counted and weighed (g) 
to obtain a total weight. A maximum of 20 fish from each species was measured in length 
(Fork Length (FL) or TL was dependent on type of fish) and a maximum of five fish 
from each species was weighed (kg). In the 2010 and 2011 surveys, five Longspine Porgy 
of various sizes were obtained from these subsamples and labeled according to vessel, 
cruise, station, and date collected based on Van Voorhis and Morgan (2007) who 
determined the adequate sample size was 5-7 fish to determine difference in mean age at 
size at the station level. 
Trawl Net Parameters. Specimens were collected with a trawl net on the Oregon 
II and Pisces which use nets containing different parameters. However, the specimens 
collected on the Pisces were only utilized in obtaining an age and size distribution of 
Longspine Porgy and were not included any other anaylsis; therefore, preventing a bias in 
the different net parameters. The Oregon II operated a 12.2 m trawl net containing a 12.8 
m headrope, three different mesh sizes, wings with a mesh size of 5.08 cm, intermediate 
section of 3.81 cm, and codend 4.13 cm (Nichols and Pellegrin 1989; Pollack 2009). The 
net had wooden doors that measured 2.4 m x 1 m (Nichols and Pellegrin 1989; Pollack 
2009). The Pisces operated a larger net with a 27.4 m headrope and wooden doors that 
measured 3.5 m2• The wings have a mesh of 20.3 cm, intermediate section of 10.2 cm, 
codend of 10.2 cm, and the mesh lining within the codend was 1.9 cm. 
Environmental Data. At each station, latitude and longitude (UTM), temperature 
(°C), salinity (ppt), and dissolved oxygen( D.O., mg/L) were measured at the surface (1 m 
below surface), mid-depth (depended on water depth), and bottom (1 m above seafloor) 
with a Conductivity, Temperature, and Depth meter (CTD). Prior to the tow, the CTD 
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was lowered into the water deep enough to cover the entire CTD, and soaked for 3 
minutes to allow the sensors to adjust to the ambient temperatures. It was then lowered to 
1 m above the sea floor and then back to the surface. During the Summer Groundfish and 
Fall Small Pelagic Deep Water cruises, a Niskbin bottle was used to collect a water 
sample prior to the survey and once a week during the survey in order to determine D.O. 
by means of a Winkler titration (Pollack 2009). This was conducted to determine if the 
sensors on the CTD were calibrated properly (Pollack 2009). 
Laboratory Procedures. In the laboratory, each fish was thawed, weighed 
(0.0001g) using a Mare! M series llOO©balance, and measured in millimeters, FL and 
TL. The sagittal otoliths were removed from the specimen and placed in an ice tray with 
water in order to clean and loosen any extra tissue. A Rite-in-the-Rain© label with an 
identification number, cruise number, and station number was placed with each pair of 
otoliths in the ice tray. Otoliths were removed from the water, dried with a paper towel, 
cleaned of any tissue, and stored in pairs in 2 ml Sure Lock© microcentrifuge tubes with 
matching inside and outside labels. Otolith samples were separated into sampling bins 
based on FL, depth zones, and two distribution regions. The northern GOM shrimping 
statistical zones were grouped into two distribution regions (Central and West) and three 
depth zones of 0-10 m, 10-30 m, and >30 m. At least five Longspine Porgy from each 
size bin (10mm), region, and depth zone were randomly selected using a random number 
table to prevent bias in selecting the individual specimen 
The right otolith (left otolith was used if needed) from each pair was weighed (g) 
using an OSHAUS Discovery semi-micro and analytical balance© and photographically 
measured using a Nikon SMZ1500 microscope© containing a Nikon P-HR Plan Apo 0.5x 
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WD 136 objective©. The microscope was connected to a Nikon DXM1200F camera© and 
sent the image to a computer database in the NIS-Elements D 3.0 software. An image of 
each right otolith was captured, labeled, and measured (mm) from the most outer tip of 
the post-rostrum (posterior) to the most outer tip of the rostrum (anterior) in the NIS-
Elements D 3.0 software that was calibrated using a stage micrometer (Figure 2). 
Figure 2. Otolith image displaying length (mm) measurements from the most anterior to 
most posterior edges. 
Otoliths were embedded, sectioned, and polished using methods from Secor et al. (1991). 
The right otoliths were embedded in a silicone flat embedding mold with Epoxi Cure 
resin and hardener© with a 5: 1 ratio. The mixture was poured into the molds filling it half 
way and allowed to harden for 24 hrs. The otolith was then placed in the mold on top of 
the harden mixture with the sulcus facing up. The Epoxi resin and hardener© mixture was 
then poured on top of the otolith filling the mold the entire way and allowed to harden for 
an additional 24 hrs. After the embedded otoliths hardened, sections of the otoliths were 
cut with a Buehler isomet low speed saw© containing a 102 mm diameter blade. Multiple 
sections of each otolith were cut to determine which sections were closest to the core. 
The section closest to the core was attached to a microscope slide via melted crystal 
bond© (Secor et al. 1991), and polished lightly with either a jeweler's cloth, 1500, and 
2000 grit sandpaper in order to get closer to the core. Immersion oil was then placed on 
the section to increase visibility and viewed under a microscope to determine if the 
section displayed daily or annual rings. 
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Aging Procedures. Aging of each otolith section was dependent on whether the 
fish was young-of-the-year or older. Otoliths that were age 1 or older and had growth 
after the last annual ring was designated the age of the ring plus 0.5. Samples~ one year 
were read three times by the primary reader and the mean of the three readings were 
calculated and designated as the age if all three readings were not more than one year 
apart. The otoliths that had readings more than one year higher or lower were reread. 
Twenty-five percent of the samples one year and older were reread by a second reader 
using the same methods and compared to the first reader's results. Ages that did not agree 
with the first reader were reread by both readers and ages that could not be agreed upon 
were removed from all analysis. The otolith sections were read by viewing it under a 
microscope at lOx or 20x using both reflected and transparent light while bringing the 
microscope in and out of focus. 
The age of young-of-the-year specimen were estimated by measuring the sulcal 
groove length (SGL) (Grammer et al. 2012). Sectioned otoliths age 1+ were measured 
from the core to the outer edge of the first annuli (mm) to determine a mean SGL. The 
mean SGL was divided into four equal parts that were considered 3 month age bins (0-3, 
3-6, 6-9, and 9-12). Young-of-the-year sectioned otoliths were measured from the core to 
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the outer edge (mm) and the age was estimated by the corresponding SGL age bin as 
0.25, 0.50, 0.75, and 0.99. 
Data Analysis. All data sets were tested for normality with a Kolmogorov-
Smirnov one sample test and homogeneity of variance with a Levene's test prior to 
analysis. If each data set did not meet the normality or homogeneity assumptions the data 
were transformed (log). Several regressions (linear, power, and exponential) were 
calculated (FL vs SGL, weight vs length, age vs otolith length, and age vs otolith weight) 
in order to determine the strength of the relationship between the different growth 
measurements and/or age. If the regressions displayed a significant relationship, the 
equation, could be utilize for future research on Longspine Porgy such as stock 
assessment and management. A linear regression of the FL and SGL from young-of-the-
year and age 1 + fish were constructed to determine if there was a significant relationship 
between the growth of Longspine Porgy and their otolith growth. Therefore, SGL 
measurements could be used as an age indicator and the ages could be fitted to a Von 
Bertalanffy curve with the one year and older samples (Grammer et al. 2002). The von 
Bertanalffy growth models were utilized to calculate the correlations of FL-at-age and 
weight-at-age: 
L = L [1- e (-k(t-to,))]. 
t ~ ' 
where Li= FL at age t, Loo= theoretical maximum length, to= mean age at which mean FL 
is 0, k= constant that estimates the rate Li approaches Loo, and t= age (Francis 1995), and 
W = W [1- e (-k(t- to))]. 
t OQ ' 
where W1= weight at age t and Woo= theoretical maximum weight. 
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A von Bertalanffy length growth model was also calculated for each of the two identified 
regions (Central and West) and a likelihood ratio test was calculated to simultaneously 
compare the von Bertalanffy parameters of both regions to determine if they were 
significantly different (Cerrato 1990). The regional growth models were also used in 
order to estimate ages for the 20 FL measurements of Longspine Porgy from each station 
during all Groundfish surveys from 1987-2011 by allocating each specimen into 5 mm 
size bins. The region where the specimen was collected was determined and the 
probability of each individual in the specified size bin at each age was calculated which 
generated a probability of age-at-size matrix, assuming each model exhibited a normal 
distribution in variability of size-at-age. Ages were then back calculated through this 
method instead of directly using the von Bertalanffy equation due to the calculated Loo 
being smaller than the actual maximum length. Therefore, when attempting to back 
calculate age through the von Bertalanffy equation and the length of the fish exceeded the 
Loo it would not calculate an age over the specified age for the Loo. The 20 back calculated 
aged fish at each station were then extrapolated by the ratio of ages to acquire the age 
distribution for each station in order to calculate mortality for the overall age distribution 
for each year between 1987-2011. 
Mortality was estimated for 1987-2011 utilizing two different methods (catch 
curve analysis and length-frequency histogram) and the results were compared. Mortality 
methods which involve age estimates such as the catch curve analysis are expensive and 
timely processes, but if methods that employ only length as in the length-frequency are 
accurate they could possibly be a less costly approach (Smith et al. 1998). Ages were 
calculated for each individual Longspine Porgy for each station throughout the time 
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series. In order to estimate the size-at-age of Longspine Porgy from Groundfish cruises, 
all individuals were placed into 5 mm size bins. Next, region-specific von Bertalanffy 
(i.e., Central and West) curves were assumed to have a normal distribution for size-at-age 
data, and the probability of an individual in a certain 5 mm size bin at each age was 
estimated resulting in a probability age-at-size matrix. This approach was employed to 
estimate an age for each of the 20 Longspine Porgy collected at each station between 
1987-2011. The estimated ages of the 20 Longspine Porgy collected at each station were 
then extrapolated by the ratio of ages to determine an age-frequency for all Longspine 
Porgys collected at each station between 1987-2011. Age-frequencies were then summed 
for each combination of year, season (Summer and Fall), region (Central and West), and 
depth (18.29-54.86 and< 54.86 m), resulting in 200 age-frequency histograms. These 
were utilized to estimate Longspine Porgy mortality in each variable combination. The 
region division was based on the manner in which shrimping effort was recorded wherein 
vessel days were documented for a range of shrimping statistical zones. The regions 
manipulated for this analysis was region 2 (statistical zones 10-12), region 3 (zones 13-
17), and region 4 (zones 18-21). Regions two and three were combined together in order 
to encompass the Central zone previously presented. Catch curve analyses were 
employed for each combination of year, season, region, and depth in order to calculate 
mortality specific to these parameters. This was accomplished by using a nonlinear 
regression fitted to the age-frequency histogram (i.e., age on the x-axis and frequency on 
the y-axis) based on the following equation: 
N = N e <- zt) 
t Q ' 
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where t is Longspine Porgy age, N1 is the predicted frequency at age t, No is the 
theoretical frequency of Longspine Porgy at age 0, and Z is the instantaneous total 
mortality rate. This equation was used to obtain predicted frequencies for each age within 
each year to account for any missing data within the samples. The catch curves were 
started at age 0.5 years instead of age O years because this size range was not represented 
in the samples due to possible gear selectivity and time of year the surveys occur. 
Various possible fishing and environmental factors that may affect mortality (i.e., 
shrimping effort, water temperature, salinity, and D.O.) were used as variables in a 
multiple linear regression (MLR) model. This was completed in order to describe the 
variability in the mortality rates for each combination of year, season, region, and depth 
and to determine which variable has the largest influence on the Longspine Porgy 
mortality rates. The MLR, probability matrices, and age-frequency mortality analyses 
were calculated with SAS (Version 9.2). The variables season, region, and depth were not 
included in the MLR model due to mortality and shrimping effort being estimated for 
each combination of these variables, therefore they are already included within the 
model. 
Percent mortality was also calculated through a length-frequency histogram 
containing length of the fish on the x-axis and the total number of samples for a given 
year on the y-axis. The graph was then compared to the proceeding year to obtain the 
percent mortality. The first peak (cohort 1) on the first year was compared to the second 
peak (cohort 2) on the following year, and the numerical values were subtracted and a 
percent was calculated to determine the mortality. This process was completed for the 
15 
years of 1987 to 2011 for samples from Summer and Fall Groundfish SEAMAP surveys 
and then compared to shrimping efforts for the coinciding years. 
The shrimping effort utilized in the two types of mortality calculations and 
comparisons were accomplished by two different processes. The shrimping effort used in 
comparison with the percent mortality was calculated by determining the mean number of 
24 hr vessel days combined from each season, region, and depth for each year and then 
dividing it by the grand mean for all years (1987-2011). In contrast. the shrimping effort 
utilized in the catch curve mortality and effort comparison was achieved by determining 
the mean number of 24 hr vessel days that shrimping occurred for each season, region, 
and depth individually, then dividing each by the grand mean of all shrimping effort 
between 1987-2011. 
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A total of 1,239 Longspine Porgy were collected from the three NOAA cruises; 
the size ranged from 31-198 FL (mm) and the weight ranged from 0.8-206 (g). A total of 
277 Longspine Porgy were randomly selected from all three surveys and aged with 186 
from the 2010 and 91 from the 2011 cruises. A few otoliths had to be replaced with new 
samples from the same region, depth zone, and size bin due to poor visibility or cracks, 
but if there was not a sample to replace the otolith the left one was used. The Small 
Pelagic Deep Water survey samples were removed from all calculations except the 
overall Von Bertalanffy of weight, length, and region (Central and West) comparison 
because the survey did not occur on the shrimping grounds and would not be comparable 
to shrimping efforts. The samples were only used to be confident that all size ranges were 
included in the growth models. Therefore, 146 aged Longspine Porgy were used from 
2010 and 91 from 2011 for all other calculations. All data sets passed the normality and 
homogeneity of variance assumptions (P > 0.05), except the shrimping effort vs percent 
mortality linear regression which failed the normality test (P = 0.038). 
Age and Growth. Out of the 277 Longspine Porgies aged, 14 7 were ~ age 1 + and 
130 were young-of-the-year. A regression of the SGL and FL displayed a significant 
linear relationship (R2 = 0.694, P < 0.001 ; Figure 3). Due to this relationship, young-of-
the-year samples were aged using SGL. The mean SGL from the 34 age 1 + samples were 
0.4639 mm, which resulted in four equal size bins (0-3 months, 3-6 months, 6-9 months, 
and 9-12 months) of0.1160 mm each. All aged samples from 2010 and 2011 were fitted 
to a Von Bertalanffy length growth model consisting of Loo= 145.13, k = 1.24, and to = 
0.18 (Figure 4). 
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Figure 3. Plot of fork length vs sulcal groove length linear regression. Includes all young-
of-the-year one year and one year plus samples. The dotted line represents the 95% 
confidence interval. 
The aged samples of 2010 and 2011 were also separated into Central and West regions, 
with 133 aged specimens from the Central and 104 from the West. Regionally separated 
samples were fitted to individual Von Bertalanffy length growth models (Figure 5) and 
the likelihood statistics of the models were compared which indicated different growth 
rates for the two regions (Table 1 ). The Central region has a larger theoretical Loo and 
slower rate of k which indicates that Longspine Porgy in this region grow to a larger size 
at a slower rate. The model has a P-value of 0.000079. 
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Figure 4. Plot of the Von Bertalanffy length growth curve of Longspine Porgy for the 
years 2010-2011. The model contains n = 277, Loo= 145 .13, k = 1.24, and to= 0.18. The 
model has a 95% confidence interval of± 3.88 (mm). 
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Figure 5. Plot of the Von Bertalanffy regional length growth curve of Longspine Porgy 
for Central and West regions. 
Table 1 
Von Bertalanffy length growth model parameters comparing the Central and West 
regions and their likelihood statistics 
Region 
West 
Central 
Loo 
144.53 
149.99 
K 
1.21 
0.87 
to 
0.20 
-0.07 
N 
104 
133 
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Ages were estimated for the 20 FL measurements of Longspine Porgy from each station 
on each survey from 1987-2011 by means of the regional size-at-age utilizing probability 
matrices (Figure 6). Based on these probability matrices, age frequencies were 
determined between ages 0- 5 from 1987-2011 (Table 2). The ages stop at 5 years 
because of the cohort overlap causing difficulty in predicting the age of older age fish. 
The table displays a smaller frequency of age 2 samples than age 3. This is due to the age 
2 fish occur at the greatest change in the slope on the von Bertalanffy growth curves 
therefore they are mathematically identified as age 3. All 277 aged samples were also 
fitted to a Von Bertalanffy weight growth model with a Woo = 89.29, k = 0.47, and to= 
0.38 (Figure 7). Different regressions (FL vs SGL, FL vs weight, otolith length vs age, 
and otolith weight vs age) were calculated displaying strong relationships (all P < 0.00 1) 
between growth and different body measurements and/or otolith measurements (Table 3). 
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Figure 6. Plots displaying a probability age matrix of Longspine Porgy based on length 
from the Central and West regions. A). Probability matrix of age from the West region 
B). Probability matrix of age from the Central region. 
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Table 2 
Estimated age frequency of catch data between 1987-2011 
Year AgeO Age 1 Age2 Age3 Age4 Age5 
1987 58,898 20,360 450 3,093 1,539 359 
1988 46,576 16,179 400 1,549 1,068 249 
1989 47,173 10,786 882 901 628 747 
1990 43, 168 11 ,206 552 l ,520 983 690 
1991 22,750 11 ,161 665 2,275 1,7 19 698 
1992 110,238 9,013 289 1,905 1,461 452 
1993 80,201 12,772 372 2,625 1,586 686 
1994 61,026 43,782 533 10,129 1,942 365 
1995 50,610 22,446 222 2,854 1,843 427 
1996 166,013 34,306 978 3,800 2,554 890 
1997 121 ,803 24,134 991 2,847 1,881 640 
1998 78,632 21,684 71 l 2,783 1,332 808 
1999 41 ,752 14,400 357 2,570 1,420 381 
2000 28,043 15,012 287 2,989 1,435 180 
2001 37,307 8,232 583 1,163 1,087 397 
2002 21 ,962 13,296 467 1,7 19 1,489 277 
2003 55 ,855 18,153 467 1,836 1,196 581 
2004 61,415 21 ,857 478 2,858 2,141 416 
2005 110,026 34,056 545 l ,504 1,002 716 
2006 77 ,569 29, 120 750 1,659 984 565 
2007 40,334 24,125 685 1,753 1,086 486 
2008 36,347 33,697 994 4,614 2,506 850 
2009 36,892 17,001 1,034 2,794 1,827 813 
2010 43,814 15,642 663 1,536 1,201 510 
2011 26,788 15,457 342 1,955 841 21 7 
Different regressions (FL vs SGL, FL vs weight, otolith length vs age, and otolith weight 
vs age) were calculated displaying strong relationships (all P < 0.00 1) between growth 
and different body measurements and/or otolith measurements (Table 3). 
Mortality. Catch curve analysis revealed Longspine Porgy exhibit a recurrent high 
annual mortality from 1987-2011 (Appendix A) which appears to be the result of 
shrimping effort and not necessarily the selected environmental factors included in the 
MLR (Table 4). 
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Figure 7. Plot of the Von Bertalanffy weight growth curve of Longspine porgy for the 
years 2010-2011. The model contains an= 277, Woo = 89.29, k = 0.47, and to= 0.38. The 
model has a 95% confidence interval of ± 3.67 (g). 
Table 3 
Growth regression results of Longspine Porgy which includes the intercept, slope, R2, P-
value, and n 
Regression b (intercept) 
FL vs SGL 0.097 
Weight vs FL 0.00003 
Otolith Length 0.134 
vs Age 
Otolith Weight -0.230 
vs Age 
m (slope) 
0.003 
"2.966 
"0.503 
128.4 
0.694 
0.99 1 
0.805 
0.843 
P-value 
<0.001 
<0.001 
<0.001 
<0.001 
N 
164 
277 
277 
277 
23 
Table 4 
Results of multiple linear regression analysis of the abiotic variables factors temperature, 
dissolved oxygen, and salinity and shrimping effort on Longspine Porgy mortality 
Parameter Estimates 
Effect Estimate Standard Error DF t Value Pr> ltl 
Intercept 2.6173 5.5190 190 0.47 0.6359 
Temp -0.00110 0.05545 190 -0.02 0.9842 
Oxy -0.1155 0.1160 190 -1.00 0.3206 
Sal -0.02577 0.1268 190 -0.20 0.8391 
Shrimping effort 0.000088 0.000013 190 6.67 <0.0001 
Scale 1.6384 0.1681 
Due to statistical insignificance of the environmental variables, mortality MLR was 
developed without the environmental factors in order to obtain the lone effect of 
shrimping effort. The recalculated MLR displayed an extremely significant relationship 
between shrimping effort and mortality (P < 0.00079; slope= 0.000092; intercept = 
1.0759) indicating that for every vessel day mortality increases by 0.000092 (Table 5). 
Table 5 
Results of the linear regression calculated using only shrimping effort 
Parameter Estimates 
Effect Estimate Standard Error DF t Value Pr> ltl 
Intercept 1.0759 0.1250 190 8.60 <0.0001 
shrimping effort 0.000092 0.000012 190 7.82 <0.0001 
Scale 1.6324 0.1641 
24 
The highest mean shrimping effort vessel days between the years 1987-2011 was 
7538.36, with the lowest being 1688.86, and when multiplying these by 0.000092 and 
adding the intercept of 1.0759, it results in a mortality of 1.77 and 1.24. The two years are 
displayed by depth because shrimping effort differs tremendously by this factor, for 
comparison to display the different range of possibilities of shrimping effort (Figure 8). 
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Figure 8. Box plot displaying the mean highest and lowest year of vessel days. The years 
(2002 and 2011) are separated into the two depth regions 18.26 - 54.86 and >54.86m due 
to shrimping effort displaying patterns by depth. 
Finally, the length-frequency histogram estimated the morality and shrimping effort 
comparison, but failed the normality test. However, the relationship was still significant 
(R = 0.647; P < 0.001) but was a weaker relationship than the catch curve mortality and 
MLR analysis (Appendix B; Figure 9). 
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from1987-2011. 
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Longspine Porgy are a short lived species with a maximum age of 9 years old, 
with the bulk of the population being 0.5-1 years of age. This age range is inconsistent 
with the literature which contains only a maximum age of three years due to the previous 
inaccurate methods of ageing. Prior to this research, attempts of estimating the age of the 
Longspine Porgy with scales occurred but without great success (Henwood 1978; 
Geoghegan and Chittenden 1982). Marginal increment analysis was not possible due to 
the lack of year long sampling, but several other species in the same family as Longspine 
Porgy (Sparidae) have been validated using the same or similar methodology (Chale-
Matsau et al. 2001; Pajuelo and Lorenzo 2002; Brouwer and Griffiths 2004; Tyler-
Jedlund 2009; Richardson et al. 2011). 
Age-1 Longspine Porgy lengths ranged from 106-142 mm TL, which is mostly 
consistent with the latest literature (Geoghegan and Chittenden 1982), but not with earlier 
data (Henwood 1978). Henwood's research suggest age-I fish reach lengths greater than 
100 mm FL and growth at age-2 stabilizes between 110-130 mm FL. The most recent 
data (Geoghegan and Chittenden 1982) and the data collected here propose age-1 fish 
could be just as long if not longer than Henwood ' s suggested length at age-2. This could 
be partially attributed to the discrepancy between literatures in the spawning months, 
with Henwood (1978) proposing a spawning season from November to April and the 
latest literature suggesting the season is from January to April with both declining here 
after (Geoghegan and Chittenden 1982). Therefore, Henwood' s (1978) spawning season 
could potentially end at the one year mark or possibly early which would make the age-1 
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fish smaller in length than if they were given the rest of the year to grow. Longspine 
Porgy growth appears to be regional with the Central region on average ranging 4.86 mm 
higher than the west region and displaying a higher Lx,. The two regions displayed 
significant statistical difference in growth, but it is difficult to determine if this growth 
difference has any biological significance. The relationship established between growth, 
age, and otolith parameters of the Longspine Porgy will aid in future research on the 
species by providing regression equations in order to calculate growth parameters and age 
without extensive and costly research. 
When comparing the methods of catch curve analysis and length-frequency 
histogram for calculating mortality, the length-frequency histogram seems to be an 
inaccurate estimation. Therefore based on the data this method would not be an adequate 
substitute of the catch curve analysis. The difference in accuracy of the two mortality 
methods may be attributed to the fact that the catch curve mortality was computed for 
each combination of year, season, region, and depth which could have created a more 
precise view of the mortality and shrimping effort relationship than the overall length-
frequency mortality and shrimping effort evaluation. If the length-frequency mortality 
and shrimping effort were to be utilized in future research, which would not be 
recommended, then the mortality and shrimping effort would need to be summed for the 
same variables in order to attempt at acquiring a more accurate view of mortality and the 
effects of shrimping effort. Although, due to the relationships determined through the 
growth and age regressions, the length-frequency histogram is no longer needed to 
calculate mortality of Longspine Porgy. Ages could be estimated through the calculated 
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regional age-at-size matrices or regressions and a catch curve analysis could be produced 
to estimate Longspine Porgy mortality. 
The consistently high levels of Longspine Porgy mortality displayed from the 
catch curve analysis appears to be related to shrimping effort, and not the environmental 
factors of D.O., temperature, and salinity. The increase of 0.000092 of Longspine Porgy 
bycatch mortality for every 24 hr vessel-day may appear to be trivial, but considering this 
number is per vessel and there are thousands of 24 hr vessel-days occurring each year this 
could increase mortality drastically. For example the highest yearly average number of 
vessels between 1987-2011 is 7,538.36 from the year 2002, and if this number of vessel 
days was multiplied by 0.000092 and added to the model intercept, the lone effect of 
shrimping effort would result in an instantaneous mortality rate of 1.77. The year 
containing the lowest average of vessel days was 2010 with an average of 1688.86, which 
would result in the bycatch mortality of 1.24.The highest year converts into a roughly 
83% loss, and the lowest year translates into an approximate greater than 71 % loss 
(Atlantic State Marine Fisheries Commission 2009). The intercept may illustrate natural 
morality, therefore this displays natural and shrimping effort mortality. If there were 
continuous high shrimping effort years it could have major effects on the Longspine 
Porgy population, but a major issue is that bycatch mortality is not a solitaire concern due 
to other components affecting the total mortality, which can have an additive affect 
(Cook 2003). This is true for countless different species in which resulted to a reduction 
in their population, such as the Atlantic and Shortnose Sturgeon (Collins et al. 2000) and 
the Atlantic Croaker (Diamond et al. 1999). 
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Longspine Porgy maybe an unimportant species economically, but they could 
most likely play a major role ecologically due to the considerable abundance and small 
body size. As a result of this species being so numerically abundant, they may occupy a 
large amount of resources such as food and habit. The analysis suggests that shrimping 
effort has a major effect on the mortality of Longspine Porgy; therefore, it is essential to 
assess this population in order to account for any changes that may occur in which could 
affect other economically important species. The concern is how other species maybe 
affected and to what extent by the change in abundance of this forage species. A 
reduction in the abundance of the Longspine Porgy population may result in competitive 
release by creating available resources for another species such as an invasive to move in 
or an existing species to expand their niche in which either of these circumstances could 
lead to higher predation on shrimp and ultimately result in a reduction of their population. 
A bottom-up effect may also occur consequently with the reduction of the Lonspine 
Porgy population by decreasing the abundance of this species which effects the predators 
that consume them such as some sharks and cobia by reducing the amount of accessible 
prey, thereby potentially decreasing the abundance of these higher trophic level species 
(Franks et al. 1996; Baremore et al. 2008). The Longspine Porgy population and 
shrimping effort should be monitored in order to prevent the possible declines in 
economically important species 
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APPENDIX A 
CATCH CURVE ANALYSIS MORTALITY RESULTS 
Appendix A. Table contains the mortality calculated from the catch curve anaysis from 
1987-2011 by season (Summer and Fall), region (Central and West), and depth (18.29-
54.86 and 54.86<m). 
Summer Fall 
Central I West Central West 
Year I 18.29- I 54.86<m l 18.29- I 54.86<m 18.29- I 54.86<m 18.29- I 54.86<m 54.86m 54.86m 54.86m 54.86m 
1987 3.22 0.62 5.90 0.83 3.04 0.51 4.23 1.36 
1988 l.64 0.26 4.07 1.43 2.60 0.61 l.68 1.18 
I989 5.17 0.59 3.98 0.91 3.72 1.04 0.59 1.43 
1990 5.86 0.39 3.18 0.22 2.63 0.92 0.53 0.45 
1991 1.39 0.19 5.00 0.26 1.82 0.32 1.54 0.29 
1992 6.37 0.07 7. 13 0.07 6.01 2.32 1.06 1.44 
1993 5.47 1.67 5.83 3.47 3.47 1.06 1.98 2.24 
1994 2.72 0.18 3.29 1.44 2.48 0.72 0.95 1.69 
1995 1.91 0.28 2.12 2.74 2.82 J.29 0.64 1.4 1 
1996 2.87 0.38 4.49 0.52 3.66 0.71 1.80 0.88 
1997 5.82 0.60 3.01 2.24 2.36 1.98 1.70 J.26 
1998 2.34 0.41 2.50 1.37 2.77 0.64 J.06 J.69 
1999 J .48 0.31 2.80 1.12 3.73 0.62 0.92 1.03 
2000 2.93 0.32 2.82 1.09 2.28 0.54 0.66 0.47 
2001 3.90 0.13 0.48 0.80 5.34 1.12 1.10 0.31 
2002 1.38 0.37 2.27 1.94 0.92 0.44 1.32 1.22 
2003 1.77 0.15 3.56 1.01 4.54 0.28 1.24 1.16 
2004 2.05 0.62 1.92 1.01 3.35 0.98 2.02 1.69 
2005 2.85 0.45 5.89 1.85 2. 12 1.42 0.94 1.24 
2006 2.63 0.79 2.88 2.30 1.54 0.45 1.08 0.98 
2007 1.17 0.35 3.08 2.48 2.29 0.53 0.90 1.65 
2008 0.91 0.25 3.26 2.03 0.92 0.14 0.63 1.30 
2009 1.02 0.14 2.30 2.02 1.64 0.17 1.75 1.41 
2010 0.67 0.15 1.63 1.08 2.78 0.23 1.32 0.45 
2011 0.92 0.25 2.3 1 0.68 0.99 0.31 1.23 1.1 5 
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APPENDIX B 
LENGTH-FREQUENCY HISTOGRAM MORTALITY RESULTS 
Appendix B. Table displays results for length-frequency histogram mortality between 
1987-201 1 and the shrimping efforts for the coinciding years. 
Years Cohort 1 Cohort 2 Difference % (mortalit~) Shrim12ing effort 
1987-1988 5111 392 47 19 92.33 1.17 
1988-1989 3496 508 2988 85.47 1.24 
1989-1990 2293 310 1983 86.48 I.I I 
1990-1991 1020 659 36 1 35.39 1.11 
1991-1992 1646 810 836 50.79 1.43 
1992-1993 4402 911 3491 79.30 1.33 
1994- 1995 2303 706 1597 69.34 1.08 
1995- 1996 2726 906 1820 66.76 0.94 
1996-1997 3818 1219 2599 68.07 1.00 
1997-1998 2 106 373 1733 82.29 1.24 
1998- 1999 3188 959 2229 69.92 I. IO 
1999-2000 2388 1189 1199 50.2 1 1.03 
2000-2001 3678 303 3375 91.76 1.20 
2001 -2002 2164 5 16 1648 76.16 1.25 
2002-2003 1772 273 1499 84.59 1.54 
2003-2004 208 1 1038 1043 50. 12 1.28 
2004-2005 1804 346 1458 80.82 1.17 
2005-2006 2170 975 1195 55.07 0.85 
2006-2007 1800 740 1060 58.89 0.61 
2007-2008 1472 11 30 342 23.23 0.52 
2008-2009 1685 1410 275 16.32 0.36 
2009-2010 24 14 1012 1402 58.08 0.42 
2010-201 1 2018 1017 1001 49.6 0.35 
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